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Introduction 1
Animal product-restrictive eating patterns such as vegetarian and vegan diets are 2 debated to convey either health benefits or risks (reviewed in 1 ). For example, 3 epidemiological studies like the Adventist studies (n = 22,000-96,000) found that 4 plant-based eating habits compared to omnivorous diets are associated with lower 5 all-cause mortality and less frequent with cardiovascular diseases 2,3 . Other studies 6 like the EPIC-Oxford study (n∼64,000) 4 and the "45 and Up Study" (n∼267,000) 5 7 showed however no effect of a plant-based diet on mortality rate. The 18 years 8 follow-up of the EPIC-Oxford study showed a decrease of ischaemic heart disease 9 prevalence on the one hand, and an increased odds ratio for total stroke on the other 1 0 hand in fish-eaters and vegetarians compared to meat-eaters 6 . Intervention studies 1 1 in small to moderate sample sizes (n∼100) indicated that medium-term (12-74 1 2 weeks) vegan diets, compared to omnivorous diets, leads to weight loss and to a 1 3 decrease in type 2 diabetes symptoms, even when caloric intake was comparably 1 4 low between the diets 7-9 .
1 5
While the exact mechanisms mediating these effects are far from fully understood, CES-D), yet the association may attenuate when taking differences in demographics 1 and personality traits into account. Dietary restriction scores (DRS) . Food group items were taken from a questionnaire 1 4 asking for self-reported food intake frequency over the last 12 months. A composite 1 5 score for the restriction of animal-derived food items was calculated ( Figure 2 ), 1 6
including 9 questions regarding the following food groups: meat, processed meat, 1 7
wurst, fish, eggs, dairy (yoghurt and cream cheese), cheese, milk and butter (animal 1 8 DRS). Answers ranged from multiple times daily (1 per item; 9 for summed score), 1 9
daily/(almost) daily, multiple times a week, weekly, 2-3 times monthly, 1 or less a 2 0 month to (almost) never (7 per item; 63 for summed score). The higher the score, 2 1 the lower the frequency of consumption of animal-based products. Light products 2 2
were recoded from 1-5 to 1-7, and either the normal or the light product was chosen 2 3
for scoring depending on higher frequency; if both were equally frequent, the normal 2 4 item was chosen (applicable for wurst, dairy, cheese, butter and milk). Measures 2 5
were ordinal, but for analysis purposes treated as linear, which is a common 2 6 procedure for scoring lifestyle questionnaire data 35, 36 and has been shown to 2 7 perform robustly in parametric analyses (discussed in 37 ). Note that the questionnaire 2 8 did not include an option such as "I prefer not to answer" or "I don't know". Missing values were replaced by the population mean in line with recommendation to use we further tested whether potential associations were specific to either food groups 3 8 by computing two additional scores a) primary DRS and b) secondary DRS (Suppl. All computed scores were normally distributed (skewness < 1.0, kurtosis <= 2.0) .22), dairy and cheese (ρ = .42), and dairy and milk (ρ = .28) consumption (Suppl.
8
Figure 2).
9
Linear regression models detected that lower animal DRS, i.e. higher frequency of 1 animal-based products consumption, related to higher BMI in sample 1 (n = 8943; ß 2 = -.07, p < .001), corrected for confounders (age, sex, education). Higher age, being 3 male and lower education were also significantly associated with higher BMI, with the 4 four factors together explaining about 6% of the variance in BMI (overall model adj.
5
R 2 = .06, p < .001) ( Figure 3A , Table 3 ). Here, age showed the steepest slope (n = 6 8943; ß = .08, p < .001; Figure 3B ). Similar results emerged when restricting the 7 analysis to the smaller sample 2 (data not shown). When additionally correcting for 8 personality traits the association between BMI and animal DRS remains significant (n 9 = 7906; ß = -.07, p < .001), further certain personality traits show significant (Table 3) . 
7
Line gives regression fit. Point size = 1.
8
Further, in sample 2 we found a significant association between frequency of animal-1 9
based products and personality traits, when correcting for age, sex and education (n 2 0 = 7906; MANCOVA, F (5,7897) = 2.8, p < .02): higher restriction of animal products was 2 1 negatively associated with extraversion (F (1,7897) = 9.8, p = .002) ( Figure 4 , Table 4 ).
2
Although non-significant, animal DRS was positively associated with neuroticism (F 2 3
(1,7897) = 3.5, p = .06) and negatively with openness (F (1,7897) = 3.4, p = .07). Likewise, 2 4
sex was significantly associated with all five personality traits; age and education with 2 5
four of them (all except for agreeableness) (Table 4 ). 
4
5
Lastly, frequency of animal-based products did not predict variance in depressive 6 symptoms in sample 1 (n = 8943, ß = .001, p = .12), according to a linear regression 7 model (model 3) that corrected for age, sex, and education (overall model: R 2 = .04, 8 p < .001) ( Table 5 ). This was also the case for sample 2 (n = 7906, animal DRS: ß = 9 .001, p = .10; overall model; R² = .04; p < .001), also when additionally correcting for 1 0 personality traits and BMI (n = 7906, animal DRS: ß = .013, p = .2; overall model; R² 1 1 = .21; p < .001) (Table 5 ). Instead, higher neuroticism (ß = .4, p < .001), lower with depressive symptoms (overall model explaining 21% of variance on depression 1 5 symptom score) ( Figure 5 , Table 5 ). 
Lines give regression fit. Position size = 2 (for personality) and 1 (BMI).
7
To confirm whether results were not driven by extreme cases with pathological 8 underweight, we excluded underweight individuals (BMI <= 18.5kg/m 2 ) from the 9 analysis (n = 51, 17.8±0.6 kg/m 2 (mean±SD), range 16-18.5). This did not change the 1 0 results from the main analyses (data not shown). 
Exploratory analyses 1
Restricting primary animal source products (i.e. (processed) meat, wurst) was 2 significantly associated with a lower BMI (n = 8943; ß = -.25, p < .001, Figure 6 ), but 3 not restricting intake of secondary animal products (cheese, milk, eggs) (n = 8943, ß 4 = -.02, p = .16) ( Table 6 ). Note the somewhat stronger association of primary animal-5 based products with BMI compared to the "comprehensive" animal-product DRS 6 score, resulting in a more negative ß coefficient. corrected for age, sex and education) (Suppl. Figure 4 ).
8
In contrast to the comprehensive animal product DRS, the scores displaying 9 restriction of either primary or secondary origin animal products were also associated 1 0 with lower and higher depression scores, respectively (n = 8943, primary animal-1 1 product DRS: ß = -.003, p = .04; secondary animal-product DRS: ß = .002, p = .02; 1 2 models adjusted for age, sex and education). These divergent associations however 1 3 failed to reach significance when additionally correcting for personality traits (n = 1 4 7906, all |ß| < .002, all p > .10, adjusted for age, sex, education and personality)
1 5 (Table 7) .
1 6
Further, we found a strong positive correlation between the frequency of animal-1 7
based products (animal DRS) and the number of restricted food groups considering 1 8
all 33 items (overall DRS) (ρ(8941) = .52, p < .001) ( Figure 7A ).
9
Considering the number of restrictive food items in general, we found that a higher 2 0 score of total excluded food items related to lower BMI (sample 1: ß = -.15, t = -8.8, p 2 1 < .001, R 2 = .07, corrected for age, sex and education; sample 2 similar results (data 2 2 not shown)) ( Figure 7B , Table 6 ).
3
The number of restricted food items was significantly associated with lower 2 4 agreeableness (F (1,7897) = 15.7, p < .001) and higher conscientiousness (F (1,7897) = 2 5 53.9, p < .001) (n = 7906, MANCOVA, F (5,7897) = 11.8, p = < .001, for model 2 6 comparison against null model, corrected for age, sex and education) ( Table 8 ).
7
Surprisingly, a higher number of restricted food items was weakly yet significantly 2 8 associated with lower depression scores (ß = -.004, t = -4.1, p < .001, R 2 = .05, 2 9
corrected for age, sex and education) (similar results in sample 2 (data not shown)), 3 0 also when additionally correcting for differences in personality traits (ß = -.003, t = -3 1 2.7, p < .007, R 2 = .21) ( Figure 7C , Table 9 ). animal-based product consumption was associated with personality traits, in 1 3 particular with lower extraversion. Surprisingly, not diet but personality was 1 4 significantly associated with depression scores.
5
Weight status 1 6
Our finding that eating meat and dairy products less frequently relates to lower BMI is 1 7 in line with some, but not all, epidemiological and moderate-term randomized 1 8
interventional trials which point in this direction too 1,39,40 . In addition, results 1 9
remained stable even after adjusting for education, which is a strong predictor of both between lower animal-based product intake and lower weight in our cohort might 3 4
also be a result of lower body weight leading to less animal-based product intake or observations and interventional trials are needed to further test the above-described 1 hypothesis or its alternatives.
2
The positive association between restriction of meat products on weight status and 3 the lack of a significant correlation for secondary animal products found in this study 4 and previously by others 46-48 could possibly be explained by a higher proportion of 5 highly processed meat items, leading to higher net energy intake and potentially to 6 higher caloric intake 49 . Further, ongoing discussions on motivations for following 7 certain diets support the view that restraint eating is not directly linked to vegetarian 8 or vegan diets but more common in flexitarians who restrict meat intake with the goal 9 of weight control, which in contrast is not the most common driver in plant-based animal-based products from multiple times a day to multiple times a week ("flexitarian 2 0
diet") or excluding some animal items altogether ("vegan" or "vegetarian" diet). weight. As a reduction of 5-10% body weight has been shown to significantly reduce 2 5
obesity-associated co-morbidities in overweight and obesity 51-57 , restricting dietary 2 6
intake of animal-based products may be one way to achieve this weight loss goal, 2 7
and may help to reduce the societal burden of obesity-related diseases and 2 8 environmental impact caused by high animal-product diets 39 . However, these 2 9
calculations have to be interpreted with caution, as our findings rely on self-reported 3 0
and cross-sectional data only, and we could not quantify dietary intake with regard to In contrast to previous large cross-sectional studies 16,17 and a prospective study in consumption did not explain variance in depression symptom scores in the current 3 7
sample.
3 8
Yet, intervention studies showed that a plant-based vegan diet compared to a to restrict certain food groups from diet, such as openness and conscientiousness 59 .
7
Such a correlative link between personality and restrictive eating, although missing in 4 8
the current data, would thus also apply for restricting animal-based products and may availability as a strong driver 63 . Since the interest for plant-based diets has been 1 7
changing dynamically in the last decade, researches should take period and location 1 8
into account when comparing studies.
1 9
Strengths of our study comprise the large, well-characterized population based 2 0 cohort enabling us to carefully control for important confounders such as education 2 1 and personality. Moreover, recent studies and meta-analyses focused specifically on 2 2 intake of red and processed meat and related health outcomes (see e.g. 64 ), however 2 3 the distinction of restricting diets to not consume primary (vegetarian) and/or 2 4 secondary animal-products (vegan) is oftentimes overlooked and therefore a strength 2 5 of our study. Firstly, limitations of our study include that the results are based on a cross-sectional 2 8 study design and therefore cannot explain underlying causalities.
9
Secondly, our analyses are based on self-reported dietary food record, which do not 3 0 necessarily reflect actual food intake, however, test-retest reliability is generally of 3 1 good quality 65 . Moreover, the FFQ used did not ask for quantity of food intake, which 3 2 limits the interpretability of the observed effects (for further discussion on possible 3 3 mechanisms see 1 ). Yet, beside this possible inaccuracy of self-reported food intake, 3 4 we propose that excluding certain food groups for a timeframe of 12 months 3 5
presumably is a strong and reliable indicator of actual food intake and exclusion of 3 6 certain food groups. Taken together, using a large cross-sectional analysis we observed that a lower 4 0 frequency of animal-based products was related to lower BMI, while no link between 4 1 animal-based products intake and depressive symptoms scores emerged. Thus, our 4 2 findings may suggest that a lower frequency of animal-based products could be able ............................................................................................................................... ... 27 9 Table 6 : Multiple regression analyses predicting BMI as a function of age, sex, education and 1 0 restriction of different dietary items (sample 1, n=8493). ................................................. ..... 29 1 1 Suppl. Suppl. 9  3  0  3  1  3  2  3  3  3  4  3  5  3  6  3  7  3  8  3  9 Table 1: Demographic characteristics for sample 1 and sample 2. 
